Purpose To summarise post-licensure safety surveillance over more than 4 years of routine use of the human papillomavirus-16/18-AS04-adjuvanted vaccine (HPV-16/18 vaccine: Cervarix®, GlaxoSmithKline, Belgium). Methods We describe global post-licensure passive surveillance data based on routine pharmacovigilance from 18 May 2007 until 17 November 2011 and enhanced surveillance implemented during the 2-year national immunisation programme in the UK (school years 2008-2010). Results Spontaneous reports from countries worldwide showed a similar pattern for the most frequently reported adverse events after HPV-16/18 vaccination. No patterns or trends were observed for potential immune-mediated diseases after vaccination. Observed incidences of Bell's palsy and confirmed Guillain-Barré syndrome were within the expected range in the general population. Outcomes of pregnancy in women who were inadvertently exposed to HPV-16/18 vaccine during pregnancy, were in line with published reports for similar populations. Enhanced surveillance of adverse events in the UK triggered a review of cases of anaphylaxis, angioedema and syncope reports, leading to an update to the prescribing information. Conclusion Collaborative partnerships between industry and national regulatory agencies facilitated rapid notification and transfer of safety information, allowing for rapid responses in the event of a safety signal of adverse event of concern. More than 4 years of postlicensure experience may provide confidence to providers and the public about the safety profile of HPV-16/18 vaccine in routine use.
INTRODUCTION
Cervarix® (HPV-16/18 vaccine, GlaxoSmithKline [GSK] , Belgium) is a human papillomavirus (HPV) vaccine formulated with the AS04 immunostimulatory adjuvant and is currently licensed in at least 129 countries. The safety of HPV vaccines has been demonstrated in clinical trials and in a range of postlicensure activities, recently reviewed by Macartney et al. 1 Collection and evaluation of safety data during the early period of introduction of a new vaccine to the market is pivotal for the early detection and investigation of signals potentially related to vaccination.
GSK follows a systematic approach for the identification of potential safety signals that is applied to all marketed products globally. All relevant data sources are interrogated when evaluating potential safety signals, including data from clinical and epidemiological studies, as well as pre-clinical information. This process includes systematic and regular review of individual case reports, aggregate safety data and relevant literature. Disproportionality analyses using an empirical Bayes data mining algorithm (Multi-Item Gamma Poisson Shrinker) are conducted when appropriate. Actions following evaluation and categorisation of a risk may include continuing routine pharmacovigilance, additional analyses, detailed epidemiological studies, changes to the product label and risk minimisation. Reports of adverse drug reactions (ADRs) are received by GSK through spontaneous reporting via worldwide sources that include medical personnel, regulatory authorities, individuals, pharmacists and literature sources. Adverse events (AEs) are coded in the database using the International Conference on Harmonisation Medical Dictionary for Regulatory Activities (MedDRA). 2 At GSK, a safety signal is based on the definition by the Council for International Organizations of Medical Sciences-IV 3 : a report/reports of an event with an unknown causal relationship to vaccination that is recognised as worthy of further exploration and continued surveillance. As part of this process, AEs of interest identified during pre-licensure clinical development are monitored. For HPV-16/18 vaccine, AEs of interest include the new onset and exacerbation of potential immune-mediated diseases (pIMDs) after vaccination, and pregnancy outcomes associated with unintended vaccine exposure during pregnancy. The pIMDs are of interest because of the theoretical concern of acquiring a vaccine-induced disease of possible autoimmune aetiology in susceptible individuals after vaccination with a product containing an adjuvant system. 4 Pregnancy outcomes are of interest because the target population includes women of child-bearing age. Pre-licensure studies were not designed to evaluate the safety of HPV-16/18 vaccine in pregnant women; thus, the data are currently insufficient to recommend vaccination during pregnancy. 5 This safety review considered all ADR reports from spontaneous reporting and clinical trials reported to GSK from the launch of HPV-16/18 vaccine (18 May 2007) until the data lock point of 17 November 2011. This safety review complements a pooled analysis of safety data collected during the conduct of clinical trials. 6 Common adverse reactions reported since launch 7, 8 Overall, the results shown in Table 1 are 9 Italy and the Netherlands.
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The majority (86%) of events were non-serious and are described in the global product label. systems and disease categories (Table 3 ). In 137 events in which the time-to-onset was available, the onset of the event was reported as within 1 week after vaccination for 62 events and within 1 month for 107 events ( Figure 1 ). When available, pIMDs were medically assessed using Brighton Collaboration standard case definitions, which, although designed to facilitate collection of high quality safety information across many research settings, are frequently less useful for cases reported through passive surveillance where diagnostic certainty is often low. 12 However, many of these reports were poorly documented and therefore considered unassessable (Table 3 ). Many pIMDs have multiple potential aetiologies, including associations with a genetic predisposition, infective triggers and other confounding factors. Hence, assessment of diagnostic certainty and a potential causality with vaccination could not be performed for most of the reported cases. 13, 14 An observed-to-expected analysis was performed for Guillain-Barré syndrome and Bell's palsy (the two most frequently reported pIMDs), to determine whether the observed number of reports was (or was not) greater than expected within a pre-defined risk period, under the null hypothesis of no association between vaccination and onset of the event (Table 4 ). The background rates were obtained from literature sources considered to be representative of the vaccinated populations for HPV-16/18 vaccine 15, 16 and were age stratified. For Guillain-Barré syndrome, all reports were reviewed based on Brighton Collaboration diagnostic levels, 17 considering a risk period of 42 days. The observed incidence rate was below the expected rate within each age stratum for all levels of diagnostic certainty criteria (Table 4) . Because half of the cases were reported from the UK, a sensitivity analysis was performed for UK cases (Table 4) . Regardless of diagnostic level (1-3, 1-4 and 1-5), the observed incidence rates were equal to or lower than the expected rates for all age strata ( Table 4 ). Given that most of the Bell's palsy cases were reported in Europe, an observed versus expected analysis was performed with an assumed risk period of 30 days after vaccination. The observed number of reports of Bell's palsy in Europe was below the expected number of reports in the background population measured by Rowlands in the UK (Table 5) . 15 These analyses are limited by the few number of reported cases, uncertainty around exact age of vaccination, the risk of under-reporting or reporting bias, incomplete clinical details, lack of a control group and uncertainty around the background incidence rates: we used a UK analysis with data available in comparable age ranges. 15 However, studies from the USA suggest inter-country/inter-study variation. 18, 19 Pregnancy outcomes. GlaxoSmithKline receives pregnancy exposure reports from all countries as part of routine passive safety surveillance and via Pregnancy Registries established in the UK (2008, managed by Public Health England) and in the USA (2009, managed by GSK). Insufficient data = information provided was insufficient to confirm the diagnosis. Alternative cause = either other vaccines or drugs could have been implicated, or an alternative and biologically plausible cause was also suspected or reported. BC = Brighton Collaboration definitions for Guillain-Barré syndrome 17 and encephalitis 38 were level 1-3 (meets the case definition), level 4 (insufficient evidence to meet the case definition) and level 5 (diagnosis excluded). *Occurred in the context of other syndromes. † McDonald criteria for multiple sclerosis. 39 post-licensure safety of hpv-16/18 vaccinePregnancy outcomes were monitored among cases encoded with the MedDRA PT 'vaccine exposure during pregnancy'. Intrauterine deaths were defined as spontaneous abortions in pregnancies of <22 weeks gestation and stillbirths of ≥22 weeks gestation. 20 Each pregnancy outcome was classified according to the presence/absence of congenital anomalies defined as any morphological, functional and/or biochemical developmental disturbance in the embryo or foetus whether detected at birth, or not. 20 Congenital anomalies included birth defects identified by prenatal ultrasound, amniocentesis or examination of the products of conception after elective or spontaneous abortion. Live-born infants with only transient or infectious conditions, or biochemical abnormalities, were classified as free of birth defects unless there was a possibility that the condition reflected an unrecognised birth defect. Consistency in the application of definitions of birth defects was achieved using the Centers for Disease Control and Prevention Metropolitan Atlanta Congenital Defects Program as a reference. 21 Pregnancy data were collected as part of routine global pharmacovigilance. Nevertheless, the global post-licensure data are dominated by reports from the UK, reflecting the reporting registry in place in that country. Full methods and details of data obtained through the UK Vaccine in Pregnancy surveillance are described elsewhere (PHE personal communication, manuscript in preparation). Diagnostic level 1-3: meets the criteria of Guillain-Barré syndrome (GBS). Diagnostic level 1-4: includes cases with insufficient evidence to meet the criteria of GBS. Diagnostic level 1-5: all reported cases including those where a diagnosis of GBS can be reasonably excluded. *The expected number of adverse events after vaccination was calculated using the following formula: number of expected events (Ne) equals the age-specific background incidence rate (Inc) multiplied by the number of doses of vaccine administered (Nd) (calculated for each age group from the age distribution of all spontaneous reports received until the data lock point where the age was known) multiplied by the pre-determined risk period (Risk period) (Ne = Inc × Nd × Risk period).
As of 17 November 2011, there were a total of 487 prospective pregnancy reports of which 81 were ongoing and 173 were lost to follow-up. Around 52% of reports were from the UK and US registries. Among the 233 prospective pregnancy reports with a known pregnancy outcome, 226 reports were within the pre-defined risk period (Table 6) : there were 189 live births (of which 17 were classified with congenital anomalies); 19 elective terminations for social or medical reasons; 17 spontaneous abortions; and one stillbirth.
Of these 226 pregnancy reports, 216 women were vaccinated with HPV-16/18 vaccine within a predefined risk period, 6 defined as vaccination with HPV-16/18 within 60 days prior to the estimated date of conception (66 women), or had unintended vaccination during pregnancy (150 women). The majority of unintended vaccinations during pregnancy occurred during the first trimester (Table 6) . Five of the 189 live infants (2.6%) were classified as having a major structural congenital anomaly. 22 The remaining 12 reported congenital anomalies were minor or non-structural. There was no particular pattern of anomalies suggestive of a possible teratogenic effect. In nine of the 17 live births with congenital anomalies, maternal vaccination occurred either before the estimated pregnancy onset (four reports) or during the first trimester but within the first 14 days after conception (peri-conceptual period in which hazardous exposures usually cause embryonic death rather than injury 23, 24 ) ( Table 6 ). The rate of major congenital anomalies was within the expected background population rate of 2-3%. 25, 26 No trends were observed, and the rate of spontaneous abortion is in line with reported rates in the UK and USA.
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Events with fatal outcome
GlaxoSmithKline received a total of five reports with a fatal outcome from subjects who received HPV-16/18 vaccine in the post-licensure setting during the study period. None were assessed by the reporter as causally related to vaccination. The causes of death were associated with the subjects' medical conditions and/or other factors, as follows: streptococcus group A septicaemia (UK), underlying malignancy (UK), suspected snake bite (India), severe anaemia associated with malaria infection (India) and an inherited catecholaminergic polymorphic ventricular tachycardia (Japan). The expected number of cases was calculated for the age distribution from cases in the safety database for the reference study by Rowland et al. 15 In the sensitivity analysis, it is assumed that there is 25% of under-reporting and that 75% of the doses distributed have been administered. *Vaccination coverage information among women vaccinated in each age strata in Rowlands et al. 15 is not available. Therefore, the proportion of all Cervarix® spontaneous cases reported in Europe within each age stratum was used to weight each age stratum provided in the reference. Adjusted background incidence rates (representative of the vaccinated population) were calculated by taking the weighted average of the reference incidence rate. This adjusted background incidence rate is used to make the comparison with the observed incidence rate. Multi-exposures during pregnancy: † Three cases were identified as having been exposed to Cervarix® more than once within 60 days and during the first trimester. ‡ One case was identified as having been exposed to Cervarix® more than once during the second and third trimesters. § For one case, the congenital anomaly was observed 1 year after birth. ¶ Five were classified as major structural defects including cardiac (2), palate (1), abdominal wall (1) and genital (1) structural defects, and 12 were classified as minor or non-structural anomalies.
post-licensure safety of hpv-16/18 vaccine
Post-licensure data leading to a change to the prescribing information
As data accumulate during the early stages of market introduction, notably in settings of mass immunisation programmes where high vaccine uptake is expected in a short period, a systematic, regular review of aggregate safety data is essential to detect any safety signals and determine whether changes are needed to the prescribing information. In 2009, an aggregate review of all reports of anaphylaxis, angioedema and syncope reports was triggered by a signal detected based on passive AE reporting in the UK. The observed incidence rate was 3/1 000 000 doses for anaphylaxis, 8/1 000 000 doses for angioedema and 32/1 000 000 doses for syncope. Medical assessment of the individual cases determined that these AEs could be reasonably assumed to be causally associated with HPV-16/18-vaccine administration because of the short onset time following vaccination for many cases and the lack of other apparent/stated alternative explanations. Thus, the product prescribing information was updated to include these events based on post-licensure experience.
SAFETY SURVEILLANCE IN NATIONAL IMMUNISATION PROGRAMMES
Human papillomavirus-16/18 vaccine is used routinely in national immunisation programmes in the UK, the Netherlands, Japan, Malaysia, Mexico, Argentina, South Korea, and in regions of Spain and Italy. Regional safety surveillance activities initiated in Italy assessed AEs within 7 days after HPV vaccination using a standard questionnaire. 10 No serious AEs were reported by the 4643 study subjects. No safety concerns were identified, and the authors noted that the good safety profile of HPV-16/18 vaccine had been confirmed. Here, we report the results of enhanced safety monitoring initiated by national regulatory and public health agencies in the UK and the Netherlands.
National immunisation in the UK: 2-year experience with human papillomavirus-16/18 vaccine Human papillomavirus universal immunisation using HPV-16/18 vaccine was initiated in the UK in September 2008 for 12-13 year old girls, with a catch-up programme that included girls/women 14-18 years of age. Coverage with the complete three-dose regimen was 81% in 2010. 31 Based on experience with ADR reporting after the introduction of universal immunisation against meningococcal serogroup C, the Medicines and Healthcare products Regulatory Agency (MHRA) and Departments of Health anticipated a large volume of ADR reports soon after HPV-16/18-vaccine introduction. Thus, it was necessary to develop procedures and processes to handle the expected large numbers of AE reports.
Educational material detailing types of AEs and how to prevent and report them was issued to primary care organisations. GSK collaborated closely with the MHRA to conduct enhanced safety surveillance over the 2-year period of the programme. Contact details within both organisations were defined for urgent escalation of potential safety issues. Information actively exchanged between GSK and the MHRA on a weekly basis included transmission of safety signal listings and results of comprehensive signal reviews performed by both parties. All suspected ADRs were posted weekly on the MHRA Internet webpage.
At least 4.5 million doses of HPV-16/18 vaccine were administered in the UK by July 2010. A total of 4703 reports including 10 410 events terms were reported to MHRA in association with HPV-16/18 vaccination over the 2 years of the programme. 32 The most frequently reported events (37%) were related to recognised side effects listed in the prescribing information. Of these, 21% of reports were 'psychogenic reactions' such as syncope and panic attacks related to the vaccination procedure, which are relatively common in adolescents; 17% were injectionsite reactions, and 11% were classified as allergic type reactions, including 11 cases that met the Brighton Collaboration criteria for a definition of anaphylaxis. The remaining cases in this category related to a wide range of generalised signs and symptoms suggestive of a possible allergic event, such as rashes and other skin reactions. At the end of the second year of enhanced safety surveillance, the MHRA concluded that the benefit-risk ratio of HPV-16/18 vaccine remained positive. 32 The untimely death of an adolescent in the UK within hours of vaccination stimulated global media attention. Prior to determining the true cause of death and as a precautionary measure, GSK immediately and voluntarily quarantined remaining doses of the lot administered to the teenager, and recalled the lot on the day following the event. An in-depth manufacturing investigation was launched and revealed no quality issues with the vaccine. The initial reported diagnosis was a possible anaphylactic reaction, but post-mortem results showed that the girl had a serious underlying medical condition (an undiagnosed rare malignancy in the chest). Immediate responses by GSK, the MHRA and the UK Department of Health encouraged balanced and responsible reporting by journalists. This collaboration enabled real-time, scientifically robust analysis of vaccine safety. Weekly publication of safety reports by the MHRA 33, 34 provided reassurance on events likely to be coincidental to vaccination and helped minimise unfounded concerns among parents and teenagers. The MHRA concluded that the active safety monitoring had proven to be a model on which to build a similar strategy for future major immunisation programmes in the UK. 11 The most frequently reported immediate reactions were presyncope and syncope. No cases of anaphylaxis were noted, and the medical impact of the reported events was considered low. There were 129 spontaneous AE reports in 2010, and injection-site reactions, minor general illnesses and fainting were the most frequent causally related events. 11 The results of the web-based survey indicated that local and general reactions were reported frequently after vaccination and were influenced by season, age of the subject and dose number. Most reactions were mild in nature and transient. The RIVM concluded that no unexpected AEs were found and that the results contributed to confidence in the safety of the product.
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CONCLUSION
Clinical studies conducted during vaccine clinical development are essential but usually too limited in size to detect rare AEs such as pIMDs. Moreover, temporal and geographical clustering of AEs occurring by chance can be misinterpreted by health professionals, the public and the media as being causally related to a vaccine, and have the potential to stop a vaccination campaign. Post-licensure safety monitoring and post-authorisation safety studies can assess safety outcomes in large populations but require enhanced data collection methods and effective signal detection and management strategies. 35 Although AE reporting systems allow the evaluation of events at a population level, there are limitations to spontaneous AE data, 36 including under-reporting, lack of denominator data (i.e. number of patients exposed as estimated by the number of doses distributed), misclassifications or miscoding, and biases related to length of time on the market and the reporting environment. In addition, whereas passive surveillance can identify safety signals that warrant further evaluation, the information provided is frequently insufficient to determine whether a causal association between the vaccine and the reported AE exists.
Most countries rely on passive reporting of AEs after vaccination, and reporting rates are therefore highly variable and influenced by the media, awareness/ease of use of the AE reporting system, cultural expectations and experience with the vaccine or with similar vaccines. So far, active and ongoing evaluation of safety in countries with high rates of HPV-16/18 vaccine use in mass immunisation programmes has not shown any safety concerns and has added to the confidence of healthcare providers in those countries. Cases resembling Complex Regional Pain Syndrome (CRPS; also known as reflex sympathetic dystrophy or causalgia) were reported after HPV vaccination in Japan (n = 24 with more than 8 million doses distributed), 37 where both HPV-16/18 vaccine and quadrivalent HPV vaccine are used. CRPS is a chronic neuropathic pain disorder distinguished by significant autonomic features, typically developing in an extremity after acute tissue trauma. Although no causal association with vaccination has been established, Japan temporarily stopped actively promoting the use of both HPV vaccines on 14 June 2013. HPV vaccination remains part of the Japanese government-funded vaccine programme. 37 Review and re-evaluation of available data is scheduled.
Collaborative approaches between industry and national authorities contribute to higher ADRs and pregnancy reporting rates, and facilitate rapid responses in the event of a signal. Such collaborations also aid in the interpretation and management of serious AEs that may give rise to public concern.
Post-licensure safety surveillance after more than 4 years of HPV-16/18 vaccine use confirms the acceptable benefit-risk of vaccination in adolescent girls and adult women. No safety concerns have been identified since the data lock point. GSK continues to closely monitor pIMDs and pregnancy outcomes, with no specific safety concern identified from more than 4 years of HPV-16/18 vaccine use in routine clinical practice. 
KEY POINTS
• Ongoing active review and analysis of safety data is routinely undertaken by GlaxoSmithKline Vaccines to detect and investigate potential safety signals arising through use of marketed vaccines. Post-licensure surveillance passive reports from countries around the world showed that the distribution of the most frequently recognised adverse reactions after HPV-16/18 vaccination was as anticipated.
• An analysis of potentially immune-mediated diseases after vaccination showed no patterns or trends for concern. The observed incidences of VIIth nerve (facial) palsy and Guillain-Barré syndrome were within the overall range of expected background incidence rates in the general population.
• Pregnancy outcomes of women who were vaccinated with HPV-16/18 vaccine during pregnancy were in line with published literature for similar populations.
• Enhanced surveillance of adverse events following introduction of HPV-16/18 vaccine in national immunisation programmes in the UK and the Netherlands confirmed an acceptable safety profile, as evaluated in clinical trials.
• The safety data of HPV-16/18 vaccine 5 years post-licensure confirm its acceptable benefit-risk profile in women of all ages.
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